
"jphcant 
Serial No. 
Filed 
Title 


4 


j Docket No.: 12406-OQ3(^1\ 


IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


2815 

Jerome Jackson, Jr. 


Commissioner for Patents 
Washington, D.C. 20231 


ULRIKE REEH ET AL. ^ Art Unit 
09/221,789 ^ Examiner 

December 28, 1998 I 
LIGHT-RADIATING SEMICONDUCTOR COMPONENT WITH A 
LUMINESCENCE CONVERSION ELEMENT 

\ 



CONFIRMATION OF CLAIM TO FOREIGN PRIORITY AND TRANSMITTAL OF 
PRIORITY DOCUMENT AND TRANSLATION AND TRANSLATION OF PCT 

APPLICATION 


Applicants hereby confirm the claim to foreign priority under 35 USC 1 19 of German 

•—1 

application serial no. 196 25 622.4, filed June 26, 1996 and German application seri^no. 196 38 
667.5, filed September 20, 1996 Applicants also include herewith a certified copies of the^ rn 

I : ^ O 

priority documents and certified translations of the priority documents. Applicants also suj)mifjj 
herewith a certified translation of the German language parent PCT application, F 
PCT/DE97/01337. g 


m 


CERTIFICATE OF MAILING BY FIRST CLASS MAIL 

I hereby certify under 37 CFR § 1.8(a) that this correspondence is being 
deposited with the United States Postal Service as first class mail with 
sufficient postage on the date indicated below and is addressed to the 
Commissioner for Patents, Washington, D.C. 2023 1 . 

March 22. 2001 


Date of Deposij 


Signature 

Laura R, Garrett 


Typed or Printed Name of Person Signing Certificate 


Applicant 
Serial No. 
Filed 
Page 


ULRIKE REEH 
09/221,789 
December 28, 1998 
2 



Attorneys Docket No.: 12406-003001 


Please apply any charges or credits to Deposit Account No. 06-1050. 

Respectfully submitted, 


Date: * V oQ x UJjUv^ - t d^tZT 

' William E. Booth 

Reg. No. 28,933 

Fish & Richardson P.C. 
225 Franklin Street 
Boston, MA 02110-2804 
Telephone: (617) 542-5070 
Facsimile: (617) 542-8906 


20195046.doc 


i . ' • 


^ _™ocket No.: GR 96 P 1650 

'is 


^26^ |j CERTIFICATION 

s ^7jj T ^^He below named translator, hereby declare that: my name and post office 
address are as stated below; that I am knowledgeable in the English and German 
languages, and that I believe that the attached text is a true and complete 
translation of the German language text of Application No. PCT/DE97/01337, filed 
June 26, 1997. 

I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 

Hollywood, Florida 

Karin Champlin ' 

March 16, 2001 

Lerner& Greenberg, P.A. 
P.O. 2480 

Hollywood, FL 33022-2480 
Tel.: (954)925-1100 
Fax.: (954) 925-1101 


GR 96 P 1650 P 
Description 

Light -radiating semiconductor component having a luminescence 
conversion element 

The invention relates to a light -radiating semiconductor 
component according to the preamble of patent claim 1 . 

A semiconductor component of this type is disclosed for 
example in the published patent application DE 38 04 293, 
which describes an arrangement having an electroluminescent or 
laser diode in which the entire emission spectrum radiated by 
the diode is shifted toward larger wavelengths by means of a 
plastic element treated with a fluorescent, light -converting 
organic dye. The light radiated by the arrangement 
consequently has a different color from the light emitted by 
the light -emitting diode. Depending on the nature of the dye 
added to the plastic, light-emitting diode arrangements which 
emit light in different colors can be produced using one and 
the same type of light -emitting diode. 

DE-A 2 347 289 discloses an infrared (IR) solid-state lamp in 
which luminescent material is applied on the edge of an IR 
diode and converts the IR radiation that is radiated there 
into visible light. The aim of this measure is, for 
supervisory purposes, to convert a smallest possible part of 
the IR radiation emitted by the diode into visible light in 
conjunction with the smallest possible reduction of the 
intensity of the emitted IR radiation. 

Furthermore, EP 486 052 discloses a light -emitting diode in 
which at least one semiconductor photoluminescent layer is 
arranged between the substrate and an active 
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electroluminescent layer, which semiconductor photoluminescent 
layer converts the light of a first wavelength range, said 
light being emitted by the active layer in the direction of 
the substrate, into light of a second wavelength range, with 
the result that, altogether, the light-emitting diode emits 
light of different wavelength ranges. 

In many potential areas of application for light-emitting 
diodes, such as, for example, in display elements in motor 
vehicle dashboards, lighting in aircraft and automobiles, and 
in full -color LED displays, there is increasingly a demand for 
light -emitting diode arrangements with which polychromatic 
light, in particular white light, can be produced. 

JP-07 176 794-A describes a white-light-emitting, planar light 
source in which two blue-light-emitting diodes are arranged at 
an end of a transparent plate, which diodes emit light into 
the transparent plate. The transparent plate is coated with a 
fluorescent substance on one of the two mutually opposite main 
surfaces, which fluorescent substance emits light when it is 
excited by the blue light of the diodes. The light emitted by 
the fluorescent substance has a different wavelength from that 
of the blue light emitted by the diodes. In the case of this 
known component, it is particularly difficult to apply the 
fluorescent substance in such a manner that the light source 
radiates homogeneous white light. Furthermore, the question of 
reproducibility in mass production also poses major problems 
because even slight fluctuations in the thickness of the 
fluorescent layer, for example on account of unevenness of the 
surface of the transparent plate, cause a change in the shade 
of white of the radiated light. 

The present invention is based on the object of developing a 
semiconductor component of the type mentioned in the 
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introduction which radiates homogeneous polychromatic light 
and ensures technically simple mass production with component 
characteristics which are reproducible to the greatest 
possible extent. 

This object is achieved by means of a semiconductor component 
according to claim 1. Subclaims 2 to 27 relate to advantageous 
developments of the invention. Subclaims 28 to 30 specify 
preferred possible uses of the semiconductor component 
according to the invention. 

The invention provides for the radiation-emitting 
semiconductor body to have a layer sequence, in particular a 
layer sequence with an active semiconductor layer made of 
Ga x lni_ x N or Ga x Ali_ x N, which emits an electromagnetic radiation 
of a first wavelength range from the ultraviolet, blue and/or 
green spectral region during operation of the semiconductor 
component. The luminescence conversion element converts part 
of the radiation originating from the first wavelength range 
into radiation of a second wavelength range, in such a way 
that the semiconductor component emits polychromatic 
radiation, in particular polychromatic light, comprising 
radiation of the first wavelength range and radiation of the 
second wavelength range. This means, for example, that the 
luminescence conversion element spectrally selectively absorbs 
part of the radiation emitted by the semiconductor body, 
preferably only over a spectral subregion of the first 
wavelength range, and emits it in the region of longer 
wavelength (in the second wavelength range) . Preferably, the 
radiation emitted by the semiconductor body has a relative 
intensity maximum at a wavelength X < 52 0 nm and the 
wavelength range which is spectrally selectively absorbed by 
the luminescence conversion element lies outside this 
intensity maximum. 
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Likewise, the invention advantageously makes it possible also 
to convert a number (one or more) of first spectral subregions 
originating from the first wavelength range into a plurality 
of second wavelength ranges. As a result, it is advantageously 
possible to produce diverse color mixtures and color 
temperatures . 

The semiconductor component according to the invention has the 
particular advantage that the wavelength spectrum generated by 
way of luminescence conversion and hence the color of the 
radiated light do not depend on the level of the operating 
current intensity through the semiconductor body. This has 
great significance particularly when the ambient temperature 
of the semiconductor component and, consequently, as is known, 
also the operating current intensity greatly fluctuate. 
Especially light-emitting diodes having a semiconductor body 
based on GaN are very sensitive in this respect. 

In addition, the semiconductor component according to the 
invention requires only a single driving voltage and, as a 
result, also only a single driving circuit arrangement, 
whereby the outlay on devices for the driving circuit of the 
semiconductor component can be kept very low. 

In a particularly preferred embodiment of the invention, a 
partially transparent luminescence conversion layer, that is 
to say one which is partially transparent to the radiation 
emitted by the radiation-emitting semiconductor body, is 
provided as the luminescence conversion element above or on 
the semiconductor body. In order to ensure a uniform color of 
the radiated light, the luminescence conversion layer is 
advantageously designed in such a way that it has a constant 
thickness throughout. This has the particular advantage that 
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the path length of the light radiated by the semiconductor 
body through the luminescence conversion layer is virtually 
constant for all radiation directions. The effect that can be 
achieved as a result of this is that the semiconductor 
component radiates light of the same color in all directions. 
A further particular advantage of a semiconductor component 
according to the invention in accordance with this development 
consists in the fact that a high degree of reproducibility can 
be obtained in a simple manner, which is of considerable 
significance for efficient mass production. A resist or resin 
layer treated with luminescent material may be provided, for 
example, as the luminescence conversion layer. 

Another preferred embodiment of the semiconductor component 
according to the invention has a partially transparent 
luminescence conversion encapsulation as the luminescence 
conversion element, which luminescence conversion 
encapsulation encloses at least part of the semiconductor body 

(and possibly partial regions of the electrical connections) 
and can simultaneously be utilized as component encapsulation 

(housing) . The advantage of a semiconductor component in 
accordance with this embodiment consists essentially in the 
fact that conventional production lines used for the 
production of conventional light -emitting diodes (for example 
radial light-emitting diodes) can be utilized for its 
production. The material of the luminescence conversion 
encapsulation is used for the component encapsulation instead 
of the transparent plastic which is used for this purpose in 
conventional light -emitting diodes . 

In further advantageous embodiments of the semiconductor 
component according to the invention and of the two preferred 
embodiments mentioned above, the luminescence conversion layer 
or the luminescence conversion encapsulation is composed of a 
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transparent material, for example plastic, preferably epoxy 
resin, which is provided with at least one luminescent 
material (examples of preferred plastics and luminescent 
materials will be found further below) . In this way, it is 
possible to produce luminescence conversion elements in a 
particularly cost-effective manner. Specifically, the 
requisite process steps can be integrated in conventional 
production lines for light -emitting diodes with no major 
outlay. 

A particularly preferred development of the invention and of 
the abovementioned embodiments provides for the second 
wavelength range or ranges essentially to have larger 
wavelengths than the first wavelength range. 

In particular, it is provided that a second spectral subregion 
of the first wavelength range and a second wavelength range 
are complementary to one another. In this way, it is possible 
to produce polychromatic, in particular white, light from a 
single colored light source, in particular a light-emitting 
diode having a single blue- light -radiating semiconductor body. 
In order, for example, to produce white light with a blue- 
light- emit ting semiconductor body, part of the radiation from 
the blue spectral region emitted by the semiconductor body is 
converted into the yellow spectral region, which is 
complementarily colored with respect to blue. The color 
temperature or color locus of the white light can in this case 
be varied by a suitable choice of the luminescence conversion 
element, in particular by a suitable choice of the luminescent 
material, its particle size and its concentration. 
Furthermore, these arrangements also advantageously afford the 
possibility of using luminescent material mixtures, as a 
result of which, advantageously, the desired hue can be set 
very accurately. Likewise, it is possible to configure 
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luminescence conversion elements inhomogeneously, for example 
by means of inhomogeneous luminescent material distribution. 
Different path lengths of the light through the luminescence 
conversion element can advantageously be compensated for as a 
result of this . 

In a further preferred embodiment of the semiconductor 
component 1 according to the invention, the luminescence 
conversion element or another constituent of a component 
encapsulation has, for the purpose of color matching, one or 
more dyes which do not effect wavelength conversion. For this 
purpose, it is possible to use the dyes which are used for the 
production of conventional light -emitting diodes, such as, for 
example, azo, anthraquinone or perinone dyes. 

In order to protect the luminescence conversion element 
against an excessively high radiation load, in an advantageous 
development or in the abovementioned preferred embodiments of 
the semiconductor component according to the invention, at 
least part of the surface of the semiconductor body is 
surrounded by a first, transparent casing composed, for 
example, of a plastic, on which casing the luminescence 
conversion layer is applied. This reduces the radiation 
density in the luminescence conversion element and, 
consequently, the radiation load thereof, which, depending on 
the materials used, has a positive effect on the life of the 
luminescence conversion element. 

In a particularly preferred refinement of the invention and 
also of the abovementioned embodiments, a radiation-emitting 
semiconductor body is used in which the emitted radiation 
spectrum has an intensity maximum at a wavelength of between 
420 nm and 460 nm, in particular at 430 nm (for example 
semiconductor body based on Ga x Ali_ x N) or 450 nm (for example 
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semiconductor body based on Ga x Ini_ x N) . It is advantageous that 
virtually all colors and mixed colors of the C.I.E. 
chromaticity diagram can be produced by such a semiconductor 
component according to the invention. In this case, as 
specified above, the radiation-emitting semiconductor body may 
essentially be composed of electroluminescent semiconductor 
material, but also of a different electroluminescent material, 
such as polymer material, for example. 

In a further particularly preferred development of the 
invention and of its embodiments, the luminescence conversion 
encapsulation or the luminescence conversion layer is produced 
from a resist or from a plastic, for example from a silicone, 
thermoplastic or thermosetting plastic material (epoxy and 
acrylate resins) used for the encapsulation of optoelectronic 
components. Furthermore, covering elements fabricated from 
thermoplastic materials, for example, can be used as the 
luminescence conversion encapsulation. All the abovementioned 
materials can be treated with one or more luminescent 
materials in a simple manner. 

A semiconductor component according to the invention can be 
realized in a particularly simple manner when the 
semiconductor body is arranged in a recess in an optionally 
prefabricated housing and the recess is provided with a 
covering element having the luminescence conversion layer. A 
semiconductor component of this type can be produced in large 
numbers in conventional production lines. For this purpose, 
all that is necessary, after the mounting of the semiconductor 
body in the housing, is to apply the covering element, for 
example a resist or casting resin layer or a prefabricated 
covering plate made of thermoplastic material, to the housing. 
Optionally, the recess in the housing may be filled with a 
transparent material, for example a transparent plastic, which 
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does not alter in particular the wavelength of the light 
emitted by the semiconductor body or, however, if desired, may 
already be designed such that it effects luminescence 
conversion . 

In a development of the semiconductor component according to 
the invention which is particularly preferred on account of 
the fact that it can be realized in a particularly simple 
manner, the semiconductor body is arranged in a recess in a 
housing which is optionally prefabricated and may already be 
provided with a lead frame and the recess is filled with an at 
least partially transparent casting resin, to which the 
luminescent material has already been added prior to the 
recess being sealed by casting. In this case, the luminescence 
conversion element is consequently provided by the potting of 
the semiconductor body that is provided with luminescent 
material . 

A particularly preferred material for the production of the 
luminescence conversion element is epoxy resin, to which one 
or more luminescent materials are added. However, it is also 
possible to use polymethyl methacrylate (PMMA) instead of 
epoxy resin. 

PMMA can be treated with organic dye molecules in a simple 
manner. Perylene -based dye molecules, for example, can be used 
to produce green-, yellow- and red -light -emit ting 
semiconductor components according to the invention. 
Semiconductor components which emit light in the UV, visible 
or infrared region can also be produced by admixture of 4f- 
organometallic compounds. In particular, red-light-emitting 
semiconductor components according to the invention can be 
realized for example by admixture of Eu 3+ -based . organometallic 
chelates (X « 620 nm) . Infrared-radiating semiconductor 
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components according to the invention, in particular having 
blue-light-emitting semiconductor bodies, can be produced by 
admixture of 4f -chelates or of Ti 3+ -doped sapphire. 

A white-light-radiating semiconductor component according to 
the invention can advantageously be produced by choosing the 
luminescent material such that a blue radiation emitted by the 
semiconductor body is converted into complementary wavelength 
ranges, in particular blue and yellow, or to form additive 
color triads, for example blue, green and red. In this case, 
the yellow or the green and red light is produced by means of 
the luminescent materials. The hue (color locus in the CIE 
chromaticity diagram) of the white light thereby produced can 
in this case be varied by a suitable choice of the dye/s in 
respect of mixture and concentration. 

Suitable organic luminescent materials for a white-light - 
radiating semiconductor component according to the invention 
are perylene luminescent materials, such as, for example, BASF 
Lumogen F 0 83 for green luminescence, BASF Lumogen F 24 0 for 
yellow luminescence and BASF Lumogen F 300 for red 
luminescence. These dyes can be added to transparent epoxy 
resin, for example, in a simple manner. 

A preferred method for producing a green-light-emitting 
semiconductor component using a blue-light-radiating 
semiconductor body consists in using U0 2 ++ -substituted 
borosilicate glass for the luminescence conversion element. 

In a further preferred development of a semiconductor 
component according to the invention and of the advantageous 
embodiments specified above, light-diffusing particles, so- 
called diffusors, are additionally added to the luminescence 
conversion element or to another radiation- transmissive 
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component of the component encapsulation. The color perception 
and the radiation characteristics of the semiconductor 
component can advantageously be optimized by this means. 

In a particularly advantageous embodiment of the semiconductor 
component according to the invention, the luminescence 
conversion element is at least partially composed of a 
transparent epoxy resin provided with an inorganic luminescent 
material. Specifically, it is advantageous that inorganic 
luminescent materials can be bound in epoxy resin in a simple 
manner. A particularly preferred inorganic luminescent 
material for the production of white-light-emitting 
semiconductor components according to the invention is the 
phosphor YAG:Ce ( Y 3 Al 5 0i 2 : Ce 3+ ) . The latter can be mixed in a 
particularly simple manner in transparent epoxy resins which 
are conventionally used in LED technology. Other conceivable 
luminescent materials are further garnets doped with rare 
earths, such as, for example, Y 3 Ga 5 0i 2 : Ce 3+ , Y (Al , Ga) 5 0 12 : Ce 3+ and 
Y (Al,Ga) 5O12 :Tb 3+ , as well as alkaline earth metal sulfides 
doped with rare earths, such as, for example, SrS:Ce 3+ , Na, 
SrS:Ce 3+ , CI, Srs:CeCl 3 , CaS:Ce 3+ and SrSe:Ce 3+ . 

Furthermore, the thiogallates doped with rare earths, such as, 
for example, CaGa 2 S 4 :Ce 3+ and SrGa 2 S 4 : Ce 3+ , are particularly 
suitable for the purpose of producing differently 
polychromatic light. The use of aluminates doped with rare 
earths, such as, for example, YAl0 3 :Ce 3+ , YGa0 3 :Ce 3+ , 
Y(Al,Ga)0 3 :Ce 3+ / and orthosilicates M 2 SiO s : Ce 3+ (M: Sc, Y, Sc) 
doped with rare earths, such as, for example, Y 2 Si0 5 :Ce 3+ , is 
likewise conceivable for this purpose. In all of the yttrium 
compounds, the yttrium can, in principle, also be replaced by 
scandium or lanthanum. 
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In a further possible embodiment of the semiconductor 
component according to the invention, at least all those 
components of the encapsulation through which light is 
radiated, that is to say including the luminescence conversion 
encapsulation or layer, are composed of purely inorganic 
materials. Consequently, the luminescence conversion element 
is composed of an inorganic luminescent material which is 
embedded in a thermally stable, transparent or partially 
transparent inorganic material. In particular, the 
luminescence conversion element is composed of an inorganic 
phosphor, which is embedded in an inorganic glass 
advantageously of low melting point (for example silicate 
glass) . A preferred procedure for producing a luminescence 
conversion layer of this type is the sol gel technique, by 
means of which the entire luminescence conversion layer, that 
is to say both the inorganic luminescent material and the 
embedding material, can be produced in one work operation. 

In order to improve the thorough mixing of the radiation of 
the first wavelength range that is emitted by the 
semiconductor body with the luminescence -converted radiation 
of the second wavelength range and hence the color homogeneity 
of the radiated light, in an advantageous refinement of the 
semiconductor component according to the invention, a dye 
which emits light in the blue region is additionally added to 
the luminescence encapsulation or the luminescence conversion 
layer and/or to another component of the component 
encapsulation, which dye attenuates a so-called directional 
characteristic of the radiation radiated by the semiconductor 
body. Directional characteristic is to be understood to mean 
that the radiation emitted by the semiconductor body has a 
preferred radiation direction. 
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In a preferred refinement of the semiconductor component 
according to the invention, the inorganic luminescent material 
is used in powder form for the abovementioned purpose of 
thorough mixing of the emitted radiation, the luminescent 
material particles not dissolving in the substance (matrix) 
encapsulating them. In addition, the inorganic luminescent 
material and the substance encapsulating it have mutually 
different refractive indices. This advantageously leads to a 
portion of the light which is not absorbed by the luminescent 
material being scattered, in a manner dependent on the 
particle size of the luminescent material. The directional 
characteristic of the radiation radiated by the semiconductor 
body is thereby efficiently attenuated, with the result that 
the unabsorbed radiation and the luminescence-converted 
radiation are homogeneously mixed, which leads to a spatially 
homogeneous color perception. 

A white-light-radiating semiconductor component according to 
the invention can particularly preferably be realized by 
admixing the inorganic luminescent material YAG : Ce 
(Y3AI5O12 : CE 3+ ) with an epoxy resin used to produce the 
luminescence conversion encapsulation or layer. Part of a blue 
radiation emitted by the semiconductor body is shifted by the 
inorganic luminescent material Y 3 Al 5 0i 2 : CE 3+ into the yellow 
spectral region and, consequently, into a wavelength range 
which is complementarily colored with respect to the color 
blue. The hue (color locus) in the CIE chromaticity diagram) 
of the white light can in this case be varied by a suitable 
choice of the dye mixture and concentration. 

The inorganic luminescent material YAG : Ce has, inter alia, the 
particular advantage that insoluble coloring pigments 
(particle size in the region of 10 mm) having a refractive 
index of approximately 1.84 are involved in this case. 
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Consequently, not only does the wavelength conversion occur 
but also a scattering effect which leads to good mixing 
together of blue diode radiation and yellow converter 
radiation . 

In a further preferred development of a semiconductor 
component according to the invention and of the advantageous 
embodiments specified above, light-diffusing particles, so- 
called diffusors, are additionally added to the luminescence 
conversion element or to another radiation- transmissive 
component of the component encapsulation. The color perception 
and the radiation characteristic of the semiconductor 
component can advantageously be further improved by this 
means . 

It is particularly advantageous that the luminous efficiency 
of white-light-emitting semiconductor components according to 
the invention and their abovementioned embodiments having a 
blue-light-emitting semiconductor body produced essentially on 
the basis of GaN is comparable with the luminous efficiency of 
an incandescent bulb. The reason for this is that, on the one 
hand, the external quantum efficiency of such semiconductor 
bodies is a few percent and, on the other hand, the 
luminescence efficiency of organic dye molecules is often 
established at more than 90%. Furthermore, the semiconductor 
component according to the invention is distinguished by an 
extremely long life, greater robustness and a smaller 
operating voltage in comparison with the incandescent bulb. 

It is advantageous, moreover, that the luminosity of the 
semiconductor component according to the invention that is 
perceptible to the human eye can be distinctly increased by 
comparison with a semiconductor component which is not 
equipped with the luminescence conversion element but is 
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otherwise identical, since the sensitivity of the eye 
increases in the direction of a higher wavelength. 

Furthermore, the principle according to the invention can 
advantageously be used also to convert an ultraviolet 
radiation which is emitted by the semiconductor body in 
addition to the visible radiation into visible light. The 
luminosity of the light emitted by the semiconductor body is 
thereby distinctly increased. 

The concept, presented here, of luminescence conversion with 
blue light from a semiconductor body can advantageously be 
extended to multistage luminescence conversion elements as 
well, in accordance with the scheme ultraviolet ® blue ® green 
® yellow ® red. In this case, a plurality of spectrally 
selectively emitting luminescence conversion elements are 
arranged one after the other relative to the semiconductor 
body. 

Likewise, it is advantageously possible for a plurality of 
differently spectrally selectively emitting dye molecules to 
be jointly embedded in a transparent plastic of a luminescence 
conversion element. A very broad color spectrum can be 
produced by this means. 

A particular advantage of white-light-radiating semiconductor 
components according to the invention in which YAG : Ce , in 
particular, is used as the luminescence conversion dye 
consists in the fact that this luminescent material, upon 
excitation by blue light, effects a spectral shift of 
approximately 10 0 nm between absorption and emission. This 
leads to a significant reduction in the reabsorption of the 
light emitted by the luminescent material and hence to a 
higher luminous efficiency. In addition, YAG : Ce advantageously 
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has high thermal and photochemical (for example UV) stability 
(significantly higher than organic luminescent materials) , 
with the result that it is even possible to produce white- 
light-emitting diodes for outdoor use and/or high temperature 
ranges . 

YAG : Ce has, to date, proved to be the best -suited luminescent 
material in respect of reasbsorption, luminous efficiency, 
thermal and photochemical stability and processability . 
However, the use of other Ce-doped phosphors is also 
conceivable, in particular of Ce-doped garnets. 

In a particularly advantageous manner, semiconductor 
components according to the invention can be used, in 
particular on account of their low power consumption, in full- 
color LED displays for the lighting of motor vehicle interiors 
or of aircraft cabins as well as for the illumination of 
display devices such as motor vehicle dashboards or liquid 
crystal displays. 

Further features, advantages and expediencies of the invention 
emerge from the following description of 9 exemplary 
embodiments in connection with Figures 1 to 14 , in which: 

Figure 1 shows a diagrammatic sectional view of a first 
exemplary embodiment of a semiconductor component according to 
the invention; 

Figure 2 shows a diagrammatic sectional view of a second 
exemplary embodiment of a semiconductor component according to 
the invention; 

Figure 3 shows a diagrammatic sectional view through a third 
exemplary embodiment of a semiconductor component according to 
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the invention; 


Figure 4 shows a diagrammatic sectional view of a fourth 
exemplary embodiment of a semiconductor component according to 
the invention; 

Figure 5 shows a diagrammatic sectional view of a fifth 
exemplary embodiment of a semiconductor component according to 
the invention; 


Figure 6 shows a diagrammatic sectional view of a sixth 
exemplary embodiment of a semiconductor component according to 
the invention; 

Figure 7 shows a diagrammatic illustration of an emission 
spectrum of a blue-light-radiating semiconductor body having a 
layer sequence based on GaN; 

Figure 8 shows a diagrammatic illustration of the emission 
spectra of two semiconductor components according to the 
invention which radiate white light; 


Figure 9 shows a diagrammatic sectional illustration through a 
semiconductor body which emits blue light; 

Figure 10 shows a diagrammatic sectional view of a seventh 
exemplary embodiment of a semiconductor component according to 
the invention; 
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Figure 11 shows a diagrammatic illustration of an emission 
spectrum of a semiconductor component according to the 
invention which radiates polychromatic red light; 

Figure 12 shows a diagrammatic illustration of the emission 
spectra of further semiconductor components according to the 
invention which radiate white light; 

Figure 13 shows a diagrammatic sectional view of an eighth 
exemplary embodiment of a semiconductor component according to 
the invention, and 

Figure 14 shows a diagrammatic sectional view of a ninth 
exemplary embodiment of a semiconductor component according to 
the invention. 

Identical or identically acting parts are always designated by 
the same reference symbols in the various figures. 

In the case of the light -emitting semiconductor component 
illustrated in Figure 1, a semiconductor body 1 has a rear- 
side contact 11, a front -side contact 12 and a layer sequence 
7, which is composed of a number of different layers and has 
at least one active zone which emits a radiation (for example 
ultraviolet, blue or green) during operation of the 
semiconductor component . 

An example of a suitable layer sequence 7 for this and for all 
of the exemplary embodiments described below is shown in 
Figure 9. In this case, a layer sequence made of an AlN or GaN 
layer 19, an n-conducting GaN layer 20, an n-conducting 
Ga x Ali_ x N or Ga x In!_ x N layer 21, a further n-conducting GaN or a 
Ga x Ini_ x N layer 22, a p-conducting Ga x Al x _ x N layer or Ga x Ini_ x N 


-18- 


layer 23 and a p-conducting GaN layer 24 is applied on a 
substrate 18 composed of SiC, for example. A respective 
contact metallization layer 27, 28 is applied on a main 
surface 25 of the p-conducting GaN layer 24 and a main surface 
26 of the substrate 18, said contact metallization layer being 
composed of a material which is conventionally used for 
electrical contacts in opto- semiconductor technology. 

However, it is also possible to use any other semiconductor 
body deemed to be suitable for the semiconductor component 
according to the invention by a person skilled in the art. 
This likewise applies to all of the exemplary embodiments 
described below. 

In the exemplary embodiment of Figure 1, the semiconductor 
body 1 is fixed by its rear-side contact 11 on a first 
electrical connection 2 by means of an electrically conductive 
bonding agent, for example a metallic solder of an adhesive. 
The front-side contact 12 is connected to a second electrical 
connection 3 by means of a bonding wire 14. 

The free surfaces of the semiconductor body 1 and partial 
regions of the electrical connections 2 and 3 are directly 
enclosed by a luminescence conversion encapsulation 5. The 
latter is preferably composed of a transparent plastic 
(preferably epoxy resin or else polymethyl methacrylate) which 
can be used for transparent light-emitting diode 
encapsulations and is treated with luminescent material 6, 
preferably inorganic luminescent material, for white-light- 
emitting components, preferably Y 3 Al 5 0i 2 : Ce 3+ ( YAG : Ce ) . 

The exemplary embodiment of a semiconductor component 
according to the invention which is illustrated in Figure 2 
differs from that of Figure 1 by the fact that the 


-19- 


semiconductor body 1 and partial regions of the electrical 
connections 2 and 3 are enclosed by a transparent 
encapsulation 15 instead of by a luminescence conversion 
encapsulation. This transparent encapsulation 15 does not 
effect any wavelength change in the radiation emitted by the 
semiconductor body 1 and is composed, for example, of an 
epoxy, silicone or acrylate resin which is conventionally used 
in light -emitting diode technology, or of another suitable 
radiation- transmissive material, such as inorganic glass, for 
example . 

A luminescence conversion layer 4 is applied to this 
transparent encapsulation 15 and, as illustrated in Figure 2, 
covers the entire surface of the encapsulation 15. It is 
likewise conceivable for the luminescence conversion layer 4 
to cover only a partial region of this surface. The 
luminescence conversion layer 4 is composed, for example, once 
again of a transparent plastic (for example epoxy resin, 
resist or polymethyl methacrylate) which is treated with a 
luminescent material 6. In this case, too, YAG : Ce is 
preferably suitable as luminescent material for a white-light- 
emitting semiconductor component. 

This exemplary embodiment has the particular advantage that 
the path length through the luminescence conversion element is 
approximately the same size for all of the radiation emitted 
by the semiconductor body. This is important particularly 
when, as is often the case, the exact hue of the light 
radiated by the semiconductor component depends on this path 
length . 

For improved output coupling of the light from the 
luminescence conversion layer 4 of Figure 2, a covering 29 
(depicted by a broken line) in the form of a lens can be 
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provided on a side surface of the component, which covering 
reduces total reflection of the radiation within the 
luminescence conversion layer 4. This covering 29 in the form 
of a lens may be composed of transparent plastic or glass and 
be bonded, for example, onto the luminescence conversion layer 
4 or be designed directly as the component part of the 
luminescence conversion layer 4 . 

In the case of the exemplary embodiment illustrated in Figure 
3, the first and second electrical connections 2, 3 are 
embedded in an opaque, possibly prefabricated base housing 8 
having a recess 9. "Prefabricated" is to be understood to mean 
that the base housing 8 is already preconstructed on the 
connections 2, 3, for example by means of injection molding, 
before the semiconductor body is mounted on to the connection 
2 . The base housing 8 is composed for example of an opaque 
plastic and the recess 9 is designed, in respect of its shape, 
as a reflector 17 for the radiation emitted by the 
semiconductor body during operation (if appropriate by 
suitable coating of the inner walls of the recess 9) . Such 
base housings 8 are used in particular in the case of light- 
emitting diodes which can be surf ace -mounted on printed 
circuit boards. They are applied to a lead frame having the 
electrical connections 2, 3, for example by means of injection 
molding, prior to the mounting of the semiconductor bodies. 

The recess 9 is cohered by a luminescence conversion layer 4, 
for example a separately produced covering plate 17 made of 
plastic which is fixed on the base housing 8. Suitable 
materials for the luminescence conversion layer 4 are once 
again, as mentioned further above in the general part of the 
description, the plastics or inorganic glass in conjunction 
with the luminescent materials mentioned there. The recess 9 
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may either be filled with a transparent plastic, with an 
inorganic glass or with gas or else be provided with a vacuum. 

As in the case of the exemplary embodiment according to Figure 
2, a covering 29 (depicted by a broken line) in the form of a 
lens can be provided on the luminescence conversion layer 4 in 
this case as well, for improved output coupling of the light 
from said luminescence conversion layer, which covering 
reduces total reflection of the radiation within the 
luminescence conversion layer 4. This covering 29 may be 
composed of transparent plastic and be bonded, for example, 
onto the luminescence conversion layer 4 or be designed 
integrally together with the luminescence conversion layer 4. 

In a particularly preferred embodiment, the recess 9 is 
filled, as shown in Figure 10, with an epoxy resin provided 
with luminescent material, that is to say with a luminescence 
encapsulation 5 which forms the luminescence conversion 
element. A covering plate 17 and/or a covering 29 in the form 
of a lens can then be omitted as well. Furthermore, as 
illustrated in Figure 13, the first electrical connection 2 is 
optionally designed as a reflector well 34 for example by 
embossing in the region of the semiconductor body 1, which 
reflector well is filled with a luminescence conversion 
encapsulation 5. 

In Figure 4, a so-called radial diode is illustrated as a 
further exemplary embodiment. In this case, the semiconductor 
body 1 is fixed in a part 16, designed as a reflector, of the 
first electrical connection 2 by means of soldering or 
bonding, for example. Such housing designs are known in light- 
emitting diode technology and, therefore, need not be 
explained in any further detail . 
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In the exemplary embodiment of Figure 4, the semiconductor 
body 1 is surrounded by a transparent encapsulation 15 which, 
as in the case of the second exemplary embodiment mentioned 
(Figure 2) , does not effect any wavelength change in the 
radiation emitted by the semiconductor body 1 and may be 
composed, for example, of a transparent epoxy resin which is 
conventionally used in light -emitting diode technology or of 
organic glass . 

A luminescence conversion layer 4 is applied on this 
transparent encapsulation 15. Suitable materials for this are, 
for example, once again, as referred to in connection with the 
abovementioned exemplary embodiments, the plastics or 
inorganic glass in conjunction with the dyes mentioned there. 

The entire structure, comprising semiconductor body 1, partial 
regions of the electrical connections 2, 3, transparent 
encapsulation 15 and luminescence conversion layer 4, is 
directly enclosed by a further transparent encapsulation 10, 
which does not effect any wavelength change in the radiation 
which has passed through the luminescence conversion layer 4. 
It is composed, for example, once again of a transparent epoxy 
resin which is conventionally used in light -emitting diode 
technology or of inorganic glass. 

The exemplary embodiment shown in Figure 5 differs from that 
of Figure 4 essentially by the fact that the free surfaces of 
the semiconductor body 1 are directly covered by a 
luminescence conversion encapsulation 5, which is again 
surrounded by a further transparent encapsulation 10. Figure 5 
illustrates, moreover, by way of example, a semiconductor body 
1 in which, instead" of the underside contacts, a further 
contact is provided on the semiconductor layer sequence 7, 
which further contact is connected to the associated 
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electrical connection 2 or 3 by means of a second bonding wire 
14. It goes without saying that such semiconductor bodies 1 
can also be used in all the other exemplary embodiments 
described herein. Conversely, of course, a semiconductor body 
1 in accordance with the abovement ioned exemplary embodiments 
can also be used in the exemplary embodiment of Figure 5. 

For the sake of completeness, let it be noted at this point 
that an integral luminescence conversion encapsulation 5, 
which then replaces the combination of luminescence conversion 
encapsulation 5 and further transparent encapsulation 10, can, 
of course, also be used in the design according to Figure 5 in 
an analogous manner to the exemplary embodiment according to 
Figure 1 . 

In the case of the exemplary embodiment of Figure 6, a 
luminescence conversion layer 4 (possible materials as 
specified above) is applied directly to the semiconductor body 
1. The latter and partial regions of the electrical 
connections 2, 3 are enclosed by a further transparent 
encapsulation 10, which does not effect any wavelength change 
in the radiation which has passed through the luminescence 
conversion layer 4, and is fabricated for example from a 
transparent epoxy resin which can be used in light -emitting 
diode technology or from glass. 

Such semiconductor bodies 1 provided with a luminescence 
conversion layer 4 and not having an encapsulation can, of 
course, advantageously be used in all housing designs known 
from light -emitting diode technology (for example SMD 
housings, radial housings (cf. Figure 5)). 

In the case of the exemplary embodiment of a semiconductor 
component according to the invention which is illustrated in 
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Figure 14, a transparent well part 35 is arranged on the 
semiconductor body 1 and has a well 3 6 above the semiconductor 
body 1. The well part 35 is composed for example of 
transparent epoxy resin or of inorganic glass and is 
fabricated for example by means of injection-molding 
encapsulation of the electrical connections 2, 3 including 
semiconductor body 1. Arranged in this well 36 is a 
luminescence conversion layer 4, which, for example, is once 
again fabricated from epoxy resin or inorganic glass in which 
are bound particles 37, composed of one of the abovement ioned 
inorganic luminescent materials. In the case of this design, 
it is advantageously ensured in a very simple manner that the 
luminescent material accumulates at unintended locations, for 
example next to the semiconductor body, during the production 
of the semiconductor component. Of course, the well part 35 
can also be produced separately and be fixed in a different 
way, for example on a housing part, above the semiconductor 
body 1 . 

In all of the exemplary embodiments described above, it is 
possible, in order to optimize the color perception of the 
radiated light and also in order to adapt the radiation 
characteristic, for the luminescence conversion element 
(luminescence conversion encapsulation 5 or luminescence 
conversion layer 4) , if appropriate the transparent 
encapsulation 15, and/or if appropriate the further 
transparent encapsulation 10 to have light -diffusing 
particles, advantageously so-called diffusors. Examples of 
such diffusors are mineral fillers, in particular CaF 2 , Ti0 2 , 
Si0 2 , CaC0 3 or BaS0 4 or else organic pigments. These materials 
can be added in a simple manner to the abovement ioned 
plastics . 


-25- 


Figures 7, 8 and 12 respectively show emission spectra of a 
blue-light-radiating semiconductor body (Figure 7) 
(luminescence maximum at X « 430 nm) and of white-light- 
emitting semiconductor components according to the invention 
which are produced by means of such a semiconductor body 
(Figures 8 and 12) . The wavelength 1 in nm is plotted in each 
case on the abscissa and a relative electroluminescence (EL) 
intensity is in each case plotted on the ordinate. 

Only part of the radiation emitted by the semiconductor body 
according to Figure 7 is converted into a wavelength range of 
longer wavelength, with the result that white light is 
produced as mixed color. The dashed line 3 0 in Figure 8 
represents an emission spectrum of a semiconductor component 
according to the invention which emits radiation from two 
complementary wavelength ranges (blue and yellow) and hence 
white light overall. In this case, the emission spectrum has a 
respective maximum at wavelengths of between approximately 4 00 
and approximately 430 nm (blue) and of between approximately 
550 and approximately 580 nm (yellow) . The solid line 31 
represents the emission spectrum of a semiconductor component 
according to the invention which mixes the color white from 
three wavelength ranges (additive color triad formed from 
blue, green and red) . In this case, the emission spectrum has 
a respective maximum for example at the wavelengths of 
approximately 43 0 nm (blue) , approximately 500 nm (green) and 
approximately 615 nm (red) . 

Furthermore, Figure 11 illustrates an emission spectrum of a 
semiconductor component according to the invention which 
radiates polychromatic light comprising blue light (maximum at 
a wavelength of approximately 47 0 nm) and red light (maximum 
at a wavelength of approximately 62 0 nm) . The overall color 
perception of the radiated light for the human eye is magenta. 
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The emission spectrum radiated by the semiconductor body in 
this case corresponds once again to that of Figure 7. 

Figure 12 shows a white-light-emitting semiconductor component 
according to the invention which is provided with a 
semiconductor body emitting an emission spectrum in accordance 
with Figure 7 and in which YAG:Ce is used as the luminescence 
material . Only part of the radiation emitted by the 
semiconductor body in accordance with Figure 7 is converted 
into a wavelength range of longer wavelength, with the result 
that white light is produced as the mixed color. The 
differently dashed lines 30 to 33 of Figure 12 represent 
emission spectra of semiconductor components according to the 
invention in which the luminescence conversion element, in 
this case a luminescence conversion encapsulation made of 
epoxy resin, has different YAG : Ce concentrations. Each 
emission spectrum has a respective intensity maximum between X 
= 420 nm and X = 430 nm, that is to say in the blue spectral 
region and between X = 52 0 nm and X = 545 nm, that is to say 
in the green spectral region, the emission bands having the 
longer-wavelength intensity maximum largely lying in the 
yellow spectral region. The diagram of Figure 12 makes it 
clear that in the semiconductor component according to the 
invention, the CIE color locus of the white light can be 
altered in a simple manner by alteration of the luminescent 
material concentration in the epoxy resin. 

Furthermore, it is possible to apply inorganic luminescent 
materials based on Ce-doped garnets, thiogallates , alkaline 
earth metal sulfides and aluminates directly to the 
semiconductor body, without dispersing them in epoxy resin or 
glass . 
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A further particular advantage of the abovementioned inorganic 
luminescent materials results from the fact that, unlike in 
the case of organic dyes, the luminescent material 
concentration e.g. in the epoxy resin is not limited by the 
solubility. As a result, large thicknesses of luminescence 
conversion elements are not necessary. 

The explanation of the semiconductor component according to 
the invention using the exemplary embodiments described above 
ought not, of course, to be regarded as a restriction of the 
invention thereto. For example, a polymer LED emitting a 
corresponding radiation spectrum may also be understood as 
semiconductor body, such as, for example, light-emitting diode 
chips or laser diode chips. 
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Patent Claims 


1. A light -radiating semiconductor component having a 
semiconductor body (1) , which emits electromagnetic radiation 
during operation of the semiconductor component, having at 
least one first and at least one second electrical connection 
(2, 3), which are electrically conductively connected to the 
semiconductor body (1) , and having a luminescence conversion 
element, which has at least one luminescent material, 
characteri zed 

in that the semiconductor body (1) has a semiconductor layer 
sequence (7) , which is suitable for emitting electromagnetic 
radiation of a first wavelength range from the ultraviolet, 
blue and/or green spectral region during operation of the 
semiconductor component , 

in that the luminescence conversion element converts a 
radiation originating from the first wavelength range into 
radiation of a second wavelength range, which differs from the 
first wavelength range, in such a way that the semiconductor 
component emits polychromatic radiation, comprising radiation 
of the first wavelength range and radiation of the second 
wavelength range. 

2. The light -radiating semiconductor component as claimed in 
claim 1, characterized in that the luminescence conversion 
element converts radiation of the first wavelength range into 
radiation of a plurality of second wavelength ranges from 
mutually different spectral subregions, in such a way that the 
semiconductor component emits polychromatic radiation, 
comprising radiation of the first wavelength range and 
radiation of the second wavelength ranges. 

3. The light-radiating semiconductor component as claimed in 
claim 1 or 2, characterized in that the luminescence 
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conversion element is arranged essentially downstream of the 
semiconductor body (1) , as seen in the main radiating 
direction of the semiconductor component. 

4. The light-radiating semiconductor component as claimed in 
one of claims 1 to 3 , characterized in that at least one 
luminescence conversion layer (4) is provided as the 
luminescence conversion element above or on the semiconductor 
body (1) . 

5. The light-radiating semiconductor component as claimed in 
one of claims 1 to 3 , characterized in that a luminescence 
conversion encapsulation (5) is provided as the luminescence 
conversion element and encloses at least part of the 
semiconductor body (1) and partial regions of the electrical 
connections (2, 3) . 

6. The light-radiating semiconductor component as claimed in 
one of claims 1 to 5, characterized in that the second 
wavelength range or ranges has or have wavelengths 1 at least 
some of which are greater than those of the first wavelength 
range . 

7. The light -radiating semiconductor component as claimed in 
one of claims 1 to 6, characterized in that the semiconductor 
body (1) emits ultraviolet radiation during operation of the 
semiconductor component, and in that the luminescence 
conversion element converts at least part of this ultraviolet 
radiation into visible light. 

8. The light -radiating semiconductor component as claimed in 
one of claims 1 to 7 , characterized in that the first 
wavelength range and the second wavelength range of the 
polychromatic radiation lie at least partially in mutually 
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complementarily colored spectral regions, with the result that 
white light is produced. 

9. The light -radiating semiconductor component as claimed in 
claim 2 or as claimed in claim 2 in conjunction with one of 
claims 3 to 7 , characterized in that the first wavelength 
range emitted by the semiconductor body and two second 
wavelength ranges produce an additive color triad, in such a 
way that white light is radiated by the semiconductor 
component during operation thereof. 

10. The light -radiating semiconductor component as claimed in 
one of claims 1 to 9, characterized in that the radiation 
emitted by the semiconductor body (1) has a luminescence 
intensity maximum in the blue spectral region at X = 430 nm or 
at X = 4 50 nm. 

11. The light-radiating semiconductor component as claimed in 
one of claims 1 to 10, characterized in that the semiconductor 
body (1) is arranged in a recess (9) in an opaque base housing 
(8) , and in that the recess (9) is provided with a covering 
layer having a luminescence conversion layer (4) . 

12. The light -radiating semiconductor component as claimed in 
one of claims 1 to 11, characterized in that the semiconductor 
body (1) is arranged in a recess (9) in an opaque base housing 
(8) , and in that the recess (9) is at least partially filled 
by the luminescence conversion element. 

13. The light-radiating semiconductor component as claimed in 
one of claims 1 to 12, characterized in that the luminescence 
conversion element has a plurality of layers having different 
wavelength conversion properties. 
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14. The light -radiating semiconductor component as claimed in 
one of claims 1 to 13, characterized in that the luminescence 
conversion element has organic dye molecules in a plastic 
matrix, which is composed, in particular, of silicone, 
thermoplastic or thermosetting plastic material. 

15. The light -radiating semiconductor component as claimed in 
claim 14, characterized in that the luminescence conversion 
element has organic dye molecules in an epoxy resin matrix. 

16. The light-radiating semiconductor component as claimed in 
claim 14, characterized in that the luminescence conversion 
element has organic dye molecules in a polymethyl methacrylate 
matrix. 

17. The light-radiating semiconductor component as claimed in 
one of claims 1 to 13, characterized in that the luminescence 
conversion element (4, 5) has at least one inorganic 
luminescence material (6) from the group of phosphors. 

18. The light -radiating semiconductor component as claimed in 
claim 17, characterized in that the inorganic luminescent 
material is from the group of Ce-doped garnets. 

19. The light -radiating semiconductor component as claimed in 
claim 18, characterized in that the inorganic luminescent 
material is YAG : Ce . 

20. The light -radiating semiconductor component as claimed in 
one of claims 17 to 19, characterized in that the inorganic 
luminescent material is embedded in an epoxy resin matrix. 

21. The light-radiating semiconductor component as claimed in 
one of claims 17 to 19, characterized in that the inorganic 
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luminescent material is embedded in a matrix made of an 
inorganic glass of low melting point. 

22. The light-radiating semiconductor component as claimed in 
claim 20 or 21, characterized in that the inorganic 
luminescent material has an average particle size of 
approximately 10 mm. 

23. The light-radiating semiconductor component as claimed in 
one of claims 1 to 22, characterized in that the luminescence 
conversion element is provided with a plurality of different 
organic and/or inorganic luminescent materials (6) . 

24. The light-radiating semiconductor component as claimed in 
one of claims 1 to 23, characterized in that the luminescence 
conversion element has organic and/or inorganic dye molecules 
with and without a wavelength conversion effect . 

25. The light-radiating semiconductor component as claimed in 
one of claims 1 to 24, characterized in that the luminescence 
conversion element and/or a transparent encapsulation (10, 15) 
have/has light -diffusing particles. 

26. The light-radiating semiconductor component as claimed in 
one of claims 1 to 25, characterized in that the luminescence 
conversion element is provided with one or more luminescent 

4f -organometallic compounds . 

27. The light-radiating semiconductor component as claimed in 
one of claims 1 to 26, characterized in that the luminescence 
conversion element and/or a transparent encapsulation (10, 15) 
is provided with at least one luminescent material which is 
luminescent in the blue region. 
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28. The use of a plurality of light -radiating semiconductor 
components as claimed in one of claims 1 to 27 in a full-color 
LED display device. 

29. The use of a plurality of light -radiating semiconductor 
components as claimed in one of claims 1 to 27 for the 
interior lighting of aircraft cabins. 

30. The use of the light -radiating semiconductor component as 
claimed in one of claims 1 to 27 for the illumination of 
display devices, in particular for the illumination of liquid 
crystal displays. 


-34- 


4 


Abstract 

Light -radiating semiconductor component having a luminescence 
conversion element 

Light -radiating semiconductor component having a radiation- 
emitting semiconductor body (1) and a luminescence conversion 
element (4, 5). The semiconductor body (1) emits radiation in 
the ultraviolet, blue and/or green spectral region and the 
luminescence conversion element (4, 5) converts part of this 
radiation into radiation having a larger wavelength. This 
makes it possible to produce light-emitting diodes which 
radiate polychromatic light, in particular white light,, by 
means of a single light -emitting semiconductor body. YAG : Ce is 
particularly preferably used as luminescence conversion dye. 

Figure 1 
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